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Response of Underyearling Fluvial Arctic Grayling (Thymallus arcticus)
to Velocity, Depth, and Overhead Cover in Artif icial Enclosures

Abstract
I nderr earling lluri:1 -\rct
t o e r a l g e o f l a t e r l e 1 o c i t i e s a l c l d e p t h s a n l l o r t r . l r t d r r l r c r ' G r t l l i r r g o r r u 1 r i l ' d l l e l l e i o c i t
uhder .o\er  in s igni l l .ant l r  greater  proport ions thar $cr |  arui [b l r .  Kror lge ol  n ioohabi tat  feanue preferences pernr i ts  i r len
L i 1 . i c a t i o n o t l i k e l r r e a r i n g h a b i t a t a n d a ] l o r r s m o r e c | l i r . t i r r ' s t r r 1 r | i r r g r , | . a g . 0 f s h a | d I ' e d i c t i

Introduction

The natural distr ibution of the Arct ic gravl ing

lThtmalus urL:t iL:us) in the \restern contiguous
linited -\tates rras lirnited to poltions of thc upper
frlissouri llivcr clruinage in \'lontarra ancl Yellorr.
shne \at ional Park. Todav the onlv knoln rc-
maining nativc populat ion of f luvial Arct ic gral l ing
is locatecl in thc Big Holc Rirer in N'[onLana.
Because i t  is a decl ining populat ion l i th a l imited
distr ibution. the f luvial grarl ing in \ ' lontana i-s
designated :rs a "Species 6f -\pecial Conccrn" b_-v
the l lontana Dcparlrnent ol Fish Si ldl i f i  and
Parks arrd aiso br the Endangered Species Com-
mittee of the Amclican Fishcrics ,Soc ietr (I leacon

ct al. 1979]'.

Dccl inc of this unique grarl ing polrulat ion has
stimulated severl l  recent stucl ics. Likness ancl
Could ( l98;) inresLigated the gravl ing'-q dist l ibu
tion. maclohabitat. and pr4rnlation charactcrrshcs.
Shcppard and Oslfald (19891 feported on gra!-
ling spawninEl run-s :rnd -sp:11r'ning sites. Kola
(1989) cramined reotl : . is of glal l ing i i_v and
\ ' lcl ' l ichael ( l9B9l obtaincd inforrnation on the
distr ibution :rnd habitat of vearl ings in thc uppr:r
tsig Holc Rive r'.

Ficld condit ions carr often male plecise
rnicrohabit:rt preferences of fish cliflicult to clcfinc.
This is true for Lhe gral l ing inhabit ing the stained
taters of thc Big Holc Rivcr r 'here rz rrtrz obser'-
\atidrs are ilnpractical. This stuclv las unclcrtakcn
to obtain infolrnation on Lrse ol watel velrci t ies.

dcpths. anri  orerhead t:orer b,v uncleryearl ing
l luvial l lontana glarl ing in aft i f ic ial enclosures.

Methods

Tac t  t r nn lnc  ra<  rn r l  l l n r i a r vo r r- -  r  - _ .  I ' t g s

Tests \r,ere conducted in enclosurcs in rn indoor
artificial strearn located :rt the Lr-eF\\'S Bozcman
!'ish Culturai Do'clopmcnL Centcr. The -"trearn ua-"
:rn elongated doughnut shaped slructurc (Figure

I ).  Outsicle tal ls and bottorn ol the strearn lrere
con-structed of ph' l 'ood paintcd l  i th blark epox,v;
t \ ,  i n - i J ,  r ' . r l  r ' J -  ! l r - .  r , ,  " 11 , , r '  ' i - r ' i ng .

The art i l ic ial strearn us supplicd l  i th spring
latcr cir-urlated by a 5-speed electr ic tr tr l l ing
motor. lhc strcam was lighted bv overheacl IlLrore-"-
tent l ighting di i lused through trdnsluccnt lrhi le
piast ic shccts lhich ,qupplied an a\efage (r l  about
I'X.9 microeinstein-./m'z/s (V'ang 1989) rt thc rrater
surface. 

' lhc 
glass inncr side of the stream \\as

corer-ed uith black curtaiDs having r ic$' ing ports.

l 'our similar lcsl cndosures ancl a holdinEl
charnber rrere establ ishcd in thc arLi l ic ial  sLlearn
rl i th screens (Figure l) .  E:rch enclosure las 225
crn long b1 6l crn l ide b1 :trO crn cleep and con-
tained a r i f f le-pool-r i f f le sequence lFigure 2) con-
strrrcted rdth 2-3 cm diarnclcr grarel in depths
from:rbouL 2-i ]5 crn.

Cral l ing under,vearl;ngs te-qled \rere i ioln em-
br'_-vos of Big Hole Rivcr adults raiscd aL the
Bozeman Fish Technologl Ccntcr. l ' ish tere
placccl in thc holding charnbel aborrt l l l  hours
beior'e being placed in the test enclosur-cs to allorr
accl imation to tcrnpcraturc and confir lemenl. Fish
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lere ferl rrhilc in the holding r.harnbcr'. but not dur-
ing tcsts.

Ve ocity and Depth Tests

\ :elocitr and depth prefererrcc lcsts wele con-
ducted t i th 27 gravl ing 60-6t ' i  mrn in total lcngth
l iom ALrgLrsl l0-19. l9BB. Fish lere tcstcd in,
dir idual lv in enclo-r lLles 1.2. rncl ,1 l ! igur.e t i .
Beginrr ing l5 minutes alter irr troduction into the
test en(lo,cl l lc. the lelocit t  anri  depth ofeach l ish
las measurcd at l5 minute interr.als lbr 2.0,2.5
houls. \elxi t l  and depth lnea. '(urernents \rclc
made rrith a NLrntcrloro-\\ hitnel- model P\i\'l-2A
cllnerlt rneter and recordcd to the nearest O.l cnr/s
und 0.5 crn depth. Taking measulemenls disturbcd
l ish lbr no longo thun 30 s.
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Thc velocities and depths available to fish
( ' l ab le  1 l  i n  enc losu rcs  1 .2 .  and  4 le re  dc t c r -
rnined br rnapping the enclosures afLer al l  of the
tests had bccn completed. -qlr ings ucre taped
across Lhe lop ol ench test er( i)surc to crelte a
gl id of l0 r l0 cm squares. The vclocitv las
measurcd in l0 crn incremenls start ing at:t  5 cm
depth. \,elocitr- rlas nrcasurccl in the cenLer olcach
1000 t rrr crell. Tf thr rernaining delrth was lcss than
l0 t n. a f inal velocitv rra-q recorclcd at one-half
the rernaining r l istance. The rna:t inrum dcpth oi
erch ceil rras rccordcd as the ar.ailahle dcpth. l'he
tcst resl l l ts l iom en(losul.c 3lfele not repr;r-ted bc-
cluse the bottom grald was inadveltentlv dis-
turbed prior to mcasuring enclosure vclocit ies.
T e r n t , ' r a t r r r e -  r ' '  r r  l o . J - 1 8 . 0  l .  , l , . r i n F  t c - t - .
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T\BLE l Pen-otagrs ol rlcpth unil rekrit classes present

* i t l i i n  th .  ,  n i  los rnr  us( l  lo r  tes t ing  under rear

hrg  n , , \ ia l  Ar . r i i  s r ! ' l i ng .
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Overhead Cover Tests

Fronr August 26-30. 1988. ,18 gravl ing i0-80 rnm
in total length lele used in corer preference lcsts.
Fish werc tcstcd individuallv in all four enclo-"ures
(Figure l) :  one-ha1f of the lcngth of cach enclosure
las cor,ered b1 a -sheet of plvtood and the other
hal l  ls Lrncovered. Tn succcssivc t l ials the posi
t ion of thc ovcrhcacl cover $'as rnoved l iom o\er
one side of the enclo-rure l() the othef to cqualizc
lhe effect of thc slight habitat dilferences betr,;een
siclcs. Thc posit ion of each i ish in relat ion to the
olerhead covel|1as obscrr.cd at 10 nlruLe r lrer '-
rals for 1.5 hour-. beginning no sooner Lhan 5
minute-r Rl ier lhe f ish lere introrlucccl into the
enclosule. \ \ 'ater ternleraturcs rcrc 1,1.8-1 6..1 "C

durrng tests.

Statistical Analyses
' Ihe 

lespective relocit ies ancl depths l i thin each
enclosul.c l\,cr-c grouped int., lbul classes. Each
class rras corlstmcted to contain ahorrL 25 pcrcrenl
oi the total !r-, lume in i ts enclosure. Thc av;r i l rblc
volumes ofthese relrr i t ies and dcpth classes lere
then conparcd to actual gral l ing use of these
classes bv one rrav chi-s(luare analvses iT.und
19fl ;)- l lse of ro\ef bv gral l ing tas tested rdth
a binornial probabil i tv test (Lund 198;).

Results
'fhe 

use oflelocitl tias-qes br Arctic gravling (Tablc

2l was not prop(rrlional to their av:rilabilitics in anl
of the thrcc tcst enclosures (P ( 0.01 for each
erlclosure). Fish Lrserl  the lolrr vclocit l  classes

(S.1 crn/-s) in al l  enclosures in gr-cttcr proport ions
lhan thc volumes of these cla-qses lroridecl.

Crarling usc of depth cla-rses (Table i3) also las
rJisproport ional to their arai lable rolLrrrres in al l
enclosule-r (P < 0.01 for cach cnclosure).
l,ndenearlings maclc proportionalll greater use rr1
the upper 21 cm of the enclosurcs ancl less use
of clepth classcs belot '  30 cm. Furthermore. grar '-
ling Lrsed areas tiLh o,;clhcad cover signiiic:rntlv
nrorc oi ien (P < 0.01) than aleas r i th{,LrL corer
lTab le ' 11 .

T \ l 1 l  F ^  P  p r r i  -  o i  \ F u , i r '  ! , o . t , .  l , r - - ,  r i  r . -
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ling flurial Arctic grarlnrg.
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T, \DLE l .  I seo l  cu l r l , r  rLnr l rnear lu rg  i lu r ia l . { rc  :g rn-
l i l s  ln id  Uonr ! . !  i r  l9 i l8 .  Spec imers  se , .7 [80
nm iD b l l l  l .ng t l i .

of 3l cm or le-"s. This distr ibution is virtual lv the
same as the dcpth estimated bv the suitabi l i tv in-
dex curvc dcveloped by Hubert er al.  (1985) from
fielcl data.

't 
oung gralJinpl are often associated ldth some

tvpe of co' ier. In this studr' .  thev also used
ovcrhc[d coler. In Alaska.,voung grayl ing used
interstitial spaces and the shadolrs of boulders as
col 'er {Kleu€ier 19131). and in tho Big Hole River
loLrng-of-the-vear- glavl ing $ere often caphrred
s  t h i n  30  '  m  o i  r r qu . r l i e  p l . r r r t . -  - r ssF - l i ng  \ cac l r -
t ion served as cor er '  (N'[c\ ' l ichacl 1989).

Tho nell being of flu,'ial gravling (and other
populat ions) is dircct lv dependent on Llndcn'ctrr-
l ing sulr, ival.  Eralual ions of underlearl ing abun-
clancre can allo$'rnanagers to assess potcntial vear
class strengths more lcadilv and easilr than rnost
other meLhods. Knotledge ofthe preferred micro-
habitat pcrmits manager-s to identifv ancl cffectir.elv
sample age 01ish habiLat and bctter predici lear
class sLrengths.
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Discussion

Xliclohabitat prcfcrcnces of l ish can o{ien be nrorc
prccisclv defined in the lalroraton than in the field.
This is certainh tr-uc for the glal i ing l i r ing in thc
sLainctl  latcrs oi the Big Hole Rivcr thcrc in situ
obscnations are irnl)ract i(  al.  About 85 percent of
the unclerrear' l ing gravl ingl lele irr laters ol0-10
crnr's. ' lhis range of relrci t ies is lcss. and rnole
cLoselv iclenti f ics preierred lelrr: i t ies than thc
rcpolts of juveni le gravl irrg using arcas ldth mean
r\eter folurnn vclocit ies ol 0.18-0.2,1 m/s (El l iot
1980. KrcLrgcr'1981. HLrbert et cl . .  \ ' lc l \ ' l ichael
1 9 8 9 L

ln 97 pelcent ol oLrr ob,.errat ions. gr:rvl ing
undervearl ings lcrr:  found to be in \atef depLhs
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